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ABSTRACT 
A.BSTR.l1CT 
The purpose of this study was to determine the effect(s) 
of a high sucrose (marginal in protein) diet, supplemer.ted 
with ascorbic acid on the growth and development of tissues. 
The primary tissues e x amined were the mandible, femurs, and 
the oral mucosa; the biochemical parameters included DNA, 
total protein, and protein-bound hexoses and fucose. The 
animals used for this study were 21 day old male rats, who were 
then maintained on their diets for a period of fourteen days. 
THe analyses of the above tissues revealed that the ascorbic 
acid supplementation of the high sucrose diet resulted in an 
increase in total protein in bone (femur) and mandible. Such 
supplementation, also resulted in a significant increase in 
total bound hexoses in the oral mucosa. Apparently, ascorbic 
acid seems to favor an increase in glycosylation (hexoses) 
of total proteins, and can be viewed as a clinically beneficial 
phenomenon; ascorbic acid had no apparent effect on fucose addi-
tion. This study also showed quantitative increases in total 
protein concentrations in cells of oral tissues supplemented 
with ascorbid acid during growth. Further work is needed to 
determine the actual qualitative changes occurring in the pro-
teins of oral tissues and the precise role of ascorbic acid. 
Key Words: ascorbic acid - high sucrose - total protein -
hexoses - fucose - growth - development - oral 
tissues 
vii 
INTRODUCTION 
INTRODUCTION 
This study is an attempt to determine the effect of as-
corbic acid on oral tissues (mandible, oral mucosa) and bone 
( femur) of animals receiving a s-u ·h ,op -t -im .al level of dietary 
protein. 
Dietary carbohydrate can have a sparing effect on pro-
. 1 tein. 
; 
This sparing effect may be, in p~rt, explained by the 
metabol~c interconversions bet~een amino acids and sugars. 
It has been also shown that ascorbic acid, among other 
vitamins, is involved in both protein and carbohydrate meta-
bolism. 2 
In 1965, Peterckofsky and Undenfrien:destablished that 
ascorbic acid acts as a cofactor for collagen-prolyl hydro-
3 
xylase. For example, this vitamin is necessary in the hydro-
xylation of praline and lysine to form hydroxyline and hydro-
3 
xylycine, essential components of collagen. Growth, wound 
healing, the formation of granulomas, and cellulous : differ-
entation are characterized by collagen biosynthesis, a major 
component of connective tissue, 8 as well as other functions 
as noted below. 
Men, most primates, the guinea pig are representative 
of those animals unable to synthesize ascorbic acid. Such 
animals have to depend on dietary sources of this vitamin 
for the maintenance of health. For example, a lack of diet-
ary ascorbic acid causes scurvy in a relatively short per-
iod of time (5 to 6 weeks in the guinea pig); the onset of 
1 
scurvy in man is relatively slow. Nowadays, frank scurvy is 
rarely seen in humans. After earlier observations 9 relating 
scurvy to diet, it wasn't until this century that a signifi-
cant advance in this disease was made. In 1907, Holst and 
F 1 . hlO . d d . . . roe ic in uce scurvy in guinea pigs. Their observations 
are credited with a later breakthrough in the isolation, ident-
ification and eventual synthesis of the antiscorbutic food 
factor. 11 ' 16 
According to Grandon et. al. 17 "ascorbic acid deficient 
persons show inflammatory and hemorrhagic hair follicles of 
the skin, petechiae and perifollicular hemorrhages on the 
upper arms, back, buttocks, and thighs; . the gingival be-
comes swollen and hemorrhaged; neuromuscular coordination 
appears to be impaired and fatigue sets in; other symptoms 
include pains in the joints, general tassitude, changes in 
the salivary glands and tear glands, tender mouth, dryness, 
II 
itching skin and excessive loss of hair. Unless the moth-
er's diet is deficient, scurvy rarely develops ih breast 
fed children. 22 - The disorder is most often seen in infants 
whose diets have not been supplemented with fruit juice or 
an ascorbic acid preparation and who are fed almost exclusive-
ly on heat treated cow's mili,which is naturally low in ascorb-
ic acid. Such infants tend to also be anemic. Goldman, H.M. 
and co-workers (1981) demonstrated the "weak" antiscorbutico-
genic activity of D-ascorbic acid in comparison with the Las-
corbic acid, in female guinea pigs. 23 "In young children, the 
2 
3 
symptoms of latent scurvy are failure to grow properly, irri-
atbility and swollen joints; there is an aversion to moving 
extremities because of pain caused by hemorrhage and bone changes 
(bleeding or fracture of ribs at costochondral junction) and 
22,24 X-ray "scurvy lines" on tibia or femur are seen." 
Ascorbic acid plays a role in the metabolism of several 
vitamins, including the B-complex group, as well as vitamin 
d . . 26 A an vitamin E. Ascorbic acid has other functions; for 
example, it enhances iron absorption 27 and inhibits absorp-
28 tion of copper from the digestive tract , is involved in 
. 21 22 phagocytosis ' , acts as a detoxifying agent, and there 
may have an effect on lipid metabolism. 26128 
31 In 1942 Glazebrook and Thompson had explored the 
relationship of ascorbic acid and the common cold but were 
bl f . d . . 19 7 0 1 · · 32 una e to in an association. In Pau ing Linus sug-
gested that 1 to 5 gm./day of ascorbic acid as a prophylaxis, 
and 15 gm./day as therapy, would lessen the effects of the 
common cold. This contrasted with the recommendation by the 
Food and Nutrition Board of the National Research Council for 
60 mg. of ascorbic acid daily. 33 30 34 35 Anderson and coauthors ' ' 
found that a group of patients receiving supplemental ascorbic 
acid had fewer days of illness resulting from colds. Gold-
smith (1971) demonstrated that prevention and treatment of 
common colds with ascorbic acid was not effective. 36 Also, 
although it had been thought that vitamin C supplementation 
could exert an "antistress" action, this has not been shown 
37 to take place in man. 
While it has been established that young guinea pigs main-
tained on ascorbic acid deficient diets do not grow satisfact-
orily, the explanation for such growth failure has been contro-
versial. It has been suggested by Williams et. al. (1972) that 
"the effect of ascorbic acid deprivation on body weight is me-
diated largely through reduction in food intake" 38 , while Evans 
and Hughes (1963) have claimed that "the growth maintaining 
activity of ascorbic acid is a specific effect related to the 
process of tissue formation" 39 Mohan, in a study comparing 
food intake and growth rate of guinea pi9s maintained on a 
scorbutogenic diet but receiving supplements of 0.4 mgs. of 
ascorbic acid daily, over a period of 80 days, concludes: "ani-
mals on inadequate amounts of vitamin C (0-4 mgs.) grew at a 
significantly lower rate than the animals recieving adequate 
2 
amounts of the vitamin C (10 mgs.) ." 
Carbohydrates have been used by man since the beginning 
4 
of history as the main food source of readily available energy. 
Carbohydrates (sugars and starches) are the major energy sources, 
producing 4Kcal/gm. Sugar provides about 18% of all the cal-
ories consumed in the United States; about 32% of caloric in-
take results from Starch. 40,41 s d' h 'd . ucrose, a issacc ari e, is 
found in cane and beet sugars, sorghum, maple syrup, molasses, 
pine apples, and carrot roots, and is extensively used as a 
sweetener. Because the consumption is high in many countries, 
an understanding of the metabolic effect of sucrose and its 
constituent monosaccharides has important public health signi-
ficance. The effects of dietary sucrose on growth, protein 
utilization, liver function, and serum protein levels, appear 
to depend on the quantity and quality of protein in the diet. 
In many experiments with rats, low protein diets accentuate 
the apparent growth depressing effect of sucrose, but differ-
ences observed between sucrose and starch tend to disappear 
h d . . l l l. . 4 2-4 6 as t e ietary protein eve qua ity increases. 
5 
"If a high quality diet is available to growing young rats, 
then unlimited access to sugar may cause a greater total energy 
intake and increased storage of body fat, but will not seriously 
impair the quality of the diet or interfere with growth and 
development. On the other, if the quality of the basal diet 
is marginal, then access to sugar may result in a total diet 
that is so deficient in protein that it impedes growth and 
development. Moreover, it the quality is sufficiently poor, in-
k b f h . d' db . . d . " 47 ta e may e urt er preJu ice y impaire appetite. 
Several studies have demonstrated that there exists a distur-
bance of carbohydrate metabolism in ascorbic acid deficiency 
and in scurvy. 49 - 5o Insulin tolerance tests on ascorbic acid 
deficient, and in control guinea pigs, indicated that a pro-
gressive resistance to the hypoglycemic action of insulin accomp-
. b. . d d f. . 51 d. t t d. d anies ascor ic aci e iciency. Accor ing o s u ies one 
by Sylvest Ole in healthy patients, "intravenous injection 
of 300 mg. of ascorbic acid produces a fall in the blood sugar 
of 20-50 mg. percent, culminating one hour after injection and 
6 
returning to normal values one and a half hour later. 1152 
Renner and Elcornb (1964) established the need for a small 
quantity of carbohydrates in the ,form of glucose or glycerol to 
prevent growth retardation of chicks fed on a diet in which the 
non-protein energy was derived form a mixture of fatty acids. 53 
Dalderup and Visser (1969) studied the influence of extra sucrose 
in the daily food on the life span of Wistar albino rats. They 
conclude: "Rats fed with a human diet with added sucrose died 
sooner that rats fed a control diet; · all animals, male and fe-
male , developed severe glomerulonephr~tis, but the males fed ex-
--- 54 
tra sucrose acquired the disease sooner~" 
Among the essential nutrients for the growth and development 
of the human cell are the proteins. "Proteins, the most versatile 
of the macromolecules, : are responsible for both the metabolic 
capatiilities and the morphology of organisms. Proteins catalyze 
the chemical reactions of metabolism and determine the archi-
f . ..ss tecture o organisms. When intake of dietavy carbohydrates 
and fats is inadequate, proteins can serve as a source of energy. 
They are among ," the most plentiful constituents of the body. A-
bout half of the dry weight of the body is in the form of pro-
tein. One third of the protein is found in muscle, a fifth in 
bone and cartilage, and a tenth in the skin. The remainder is 
in other tissues and body fluids. 22 Chemically, the basic 
structure of protein is made of the amino acids held together 
by a peptide linkage; there are about twenty two common amino 
acids. The human requires specific types and amounts of amino 
acids. Although the body can synthesize the majority of the 
amino acids, at least eight of them cannot be formed in the 
human body and must be supplied in our food supply. These 
"essential" amino acids are lysine, tryptophan, phenylalanine, 
leucine, isoleucine, threonine, methionine and valine. The 
remainder are classified as "nonessential" or "dispensable" 
7 
amino acids. Growth maintenance in infants requires in addition, 
histidine and perhaps arginine. 56 
Protein malnutrition in infants and young children remains 
a major nutritional disease in the world, responsible for high 
morbidity and mortality in underdeveloped areas. There are two 
variants: Marasmus and Kwashiorkor. Marasmus is a form of severe 
malnutrition in children, which is often fatal. This disease 
develops when a child is deprived not only of adequate pro-
tein, but also of calories and other nutrients. 57 Kwashiorkor is 
a disease that develops when a child eats a diet that is adequate 
in calories but deficient in protein. "For both psychological and 
cultural reasons, marasmus is more common in children below one 
year of age, while kwashiorkor is more prevalent in children 
·' 
during the sec6nd and third year." 57 
Protein deficiency in growing children cannot be described 
as a single clinical syndrome because it is usually associated 
with some degree of calorie inadequacy. The relative magni-
tude of this deficiency and of deficiencies of other nutrients 
determines the resulting clinical picture. 58 "The child fails 
to grow, is edematous, and his or her skin is pigmented and 
ulcerated. There are general gastrointestinal disturbances 
59-62 
and psychic changes." Protein-deficient children are 
more susceptible and more seriously affected by common child-
hood infections than are normal children. 63165 "The earlier 
the child becomes the victim of severe protein malnutrition 
the greater is the likelihood of permanent stunting. 1166 Sever-
al studies have shown that the bones children suffering from 
protein malnutrition are shorter and lighter than those of the 
67-70 North American and Western Europe standard. Radiologic 
studies of children suffering from Kwashiorkor indicate that 
there is retardation of growth, poor calcification and a dimin-
68-70 ished trabecular pattern of bones~ - studies of bone 
morphology in Kwashiorkor are in agreement with clinical and 
radiologic observations: 71 Higginson, reported diminished 
endochondral bone formation and generalized osteoporosis in 
children dying of Kwashiorkor." 71 Jha, et. al. (1968) have 
8 
h h . 1 . . d b h · · 72 sown tat protein ma nutrition retar s one growt in primates. 
Gillman and Gillman (1951) reported similar bone disturbances 
in humans, Pratt and Mccance (1964) in pigs and Mccance and 
Widdowson (196~), Dickerson, et. al. (1972) in rats. 74 , 75 
Kerr, et. ' al. (1918) were the first to show that diet af-
fects the regeneration of serum proteins. 76 Wiemer studied 
the effect of protein depletion in serum protein and glycoprotein 
concentrations. In his first study (1957) he demonstrated that 
feeding a protein-free diet until a 25% weight loss occurred, 
caused significant decreases in serum protein and glycoprotein 
Concentrati · ons. 77 , 79 I th t d (1961) h t nano er s u y e repor s: 
"Protein depletion in rats is characterized by general decreases 
in the serum proteins and glycoproteins. 
The protein-bound carbohydrates of serum are decreased to 
a greater extent than the protein components in moderate de-
pletion (25%). The level of dietary carbohydrate does not in-
fluence serum glycoprotein levels, indicating that these con-
9 
jugated proteins do 80 not play a role in carbohydrate transport." 
Other investigators studied the effect of protein deficiency 
on the biosynthesis and degradation of ribosomal RNA in rat 
livers (Kawada et. al.) and human livers (Waterlow and Weisz). 
They have shown that protein deficiency led to a decrease of 
total liver RNA content per DNA, to about 80% of that in a norm-
al liver. 83184 
Shaw and Fillios (1978) studied the activity of DNA-depen-
dent RNA polymerase in l 1iver nuclei from rats fed deficient and 
. f . d' f . · d f · 88 excessive amounts o proteins iets or various perio so time. 
In later studies, Taoka and Fillios (1970), Wood and Fillios 
(1979), studied the effect of early depletion on the glycopro-
tein metabolism in liver cells. 99 - 91 Their results suggest 
that among the 'acid soluble glycoproteins in the liver fractions 
there is an apparent overall increase in sugar-rich glycopro-
teins, after early prot~in depletion. 
As far as susceptibility of animals fed a protein deficient 
diet to caries during the pre-eruptive tooth development period, 
d . h h h . . . . f. 1 92-97 numerous stu ies aves own tat it increases signi icant y. 
Amino acids such as lysine and glysine have beensha~ to possess 
98,99 
cariostatic abilities when fed experimentally to animals. 
Investigators have long recognized the relationships among 
10 
diet, body composition and rates of growth and development. Stephen-
son (1962) discussed growth in terms of cellular and molecular 
changes, rather than in terms of changes of physical measures, such 
'I-,,....." ht d . h l0O as .1..c:1g ·. an weig.!. t. As a result of studying growth in the 
rat by determining levels of DNA, RNA, protein, and tissue weight 
f . E d L 1 d l0l :1 ' ' ,_ d bl l0 2 o various organs, nesco an eB on, ana W1n1cK an No e, 
were able to identify three distinct growth phases for any organ: 
a period of hyperplastic growth in which growth of cells takes place 
primarily by cell division; a period where both hyperplastic growth 
and hypertrophic growth are occurring simultaneously; a period of 
hypertrophic growth, in which cellular growth takes place primarily 
by an increase in cell size with no further increase in cell num-
ber. Miller (1969) et.al. further refined these important 
b . . h b. h . 1 h d . thl04, 105 o servations wit respect to ioc emica c anges uring grow . 
They demonstrated a pattern of development which was the same for 
a number of systems studied sequential changes in DNA, RNA and 
protein synthesis. The pattern of development began with the 
rapid synthesis of DNA (representing increasing ribosomal 
function) , with a subsequent rise in protein synthesis. 
Simultaneously, ;~with the rise in protein synthetic activity, 
there occurs a rise in the free amino acid pool in the tis-
sue. 
106, 107 Munro (1968) reported evidence indicating 
that the free amino acid pool may be involved in the regul-
ation of this growth and the free amino amino acid pool may be 
regulated by diet. 108 This is a very important relationship 
suggested between diet and development. Fetal tissue must 
synthesize it own nucleic acids and proteins. It is apparent 
that dietary insufficiency my result in decreased protein meta-
bolic activity and perhaps lack of maturation of an organ 
system. 
Good protein nutrition is a very important consideration 
in the growth and development of the developing embryo. In a 
study done in 1945 by Stuart, H.C., he pointed out that a signi-
ficant number of infants, whose mothers had a poor protein diet 
109 during pregnancy had retarded osseous and dental development. 
The oral tissues, including maximallary and mandibular bone, 
teeth, and salivary gland, oral epithelium, and other cranio-
facial structures such as lip and palate, are particularly 
sensitive to nutritional stress during critical periods in their 
115 growth and development. In experimental animals it has been 
11 
shown that a dietary protein-deficiciency will affect the activity 
. 110-114 
of fibroblasts, osteoclasts and cementoblasts. Histolo-
gically, "atrophic and degenerative changes in the connective 
tissue of the gingiva and periodontal ligament are usually 
seen. The mineralized tissues also show simialr evidences 
of breakdown. When a foreign body is -introduced into the perio-
dontal pocket iri a protein-deficicient animal, the resorption 
:• 
of the alveolar crest, the downgrowth of the epithelial 
attachment, and the inflammatory exudate are encreased and 
accentuated." lOS 
Some evidence suggests that male rats . 
t t . d 1 t· th f 1 1161 ll? o pro ein ep e ion · an ema es. 
are more susceptible 
Strong reported 
that he found no sex-related differences in the ossification 
. f d. bl d f . d 1 · llB time o man i e an emur in rats un er norma circumstances. 
12 
In a recent study (1977) of the relationship between mandible and 
long bone growth in rats and dietary levels of protein, Nakamoto 
and Miller have shown that when rats are fed a low-protein diet 
during the lactation period, the effect on the hard tissue of 
119,120 their offspring is remarkable. They conclude: "Differ-
ent effefts of malnutrition on mandible and long bones were 
noted when DNA and RNA content were considered, suggesting that 
the period of critical growth in these tissues occurred at differ-
ent times. Some confirmation of this finding is found in the 
reports of Kuftinec and Miller. 1211123 The size of the cells 
(protein: DNA) in mandibles from the malnourished group appeared 
to be unaffected under our experimental conditions, whereas 
the cells in long bones were generally smaller." 
Protein deficiency can have a serious effect on the growth 
and development of oral epithelium as well. The non-keratinized 
stratified squamous epi' _th elium which line the gingival sulcus, 
thought by many investigators to be the point of entry for 
bacterial products involved in the initiation of inflammatory 
periodontal di~~ase, has one of the fastest turnover rates in 
the body; this cell population can completely renew itself 
. h d 124,125 . . 1 d f. . d int ree to seven ays. Nutritiona e 1c1ency ur-
ing the continuous critical period of development can impair 
the renewal of sulcular epithelium and compromise an import-
ant component of its defense mechanisms and its barrier function. 126 
It appears that dietary protein can be a very important factor 
in maintaining the health of the tooth-supporting structures. 
MATERIALS AND METHODS 
MATERIALS AND METHODS 
Male, albino rats (approx. 50 gr. in wgt.) of the Charles 
River Strain were individually caged and fed either a control 
diet or an experimental diet, with or without ascorbic acid 
supplementation. 
Control Diet: 100% Purina Chow (rat pellets) 
Experimental Diet: 50% Purina Chow (rat pellets), 2% salt mix-
ture*, 3% corn oil, 44% sucrose, 1% vitamin 
mixture 
There was a total of four animal groups. One of the two 
groups on the control diet received 5 mg. of ascorbic acid 
daily in the drinking water during the first week of the 
experiment and 10 mg. of ascorbic acid daily during the second 
week. In the same manner, one of the two groups on the exper-
imental diet received 5 mg. of ascorbic acid daily during the 
first week of the experiment and 10 mg. of ascorbic acid daily 
during the second week. 
Salt Mixture* (g%) 
CaC0 3 20.0 NiC1 2 .6H 2 0 0.04 
K2HPO4 32.0 NaF 0.05 
CaHP0 4 .2H 2 0 30.0 Al 2 (s0 4 ) 3 (NH4 ) 2so4 _24H 2 ) 0.02 
MgS0 4 .7H 2 0 11. 0 (NH4 )Mo 7o24 .4H 2 0 0.01 
NaSi0 4 .9H 2 0 3.34 KI 0.008 
FeC 6tt 5 o7 .5H 2 0 2.70 Na 3 VO 4 0.006 
MnS0 4 .H 2 0 0.40 H2Se0 3 0.0006 
ZnS0 4 .7H 2 0 0.16 Cr(C 2H30 2 ) 3 .H 2 0 0.0005 
CuS0 4 .5H 2 0 0.05 Dextrose 3.545 
Co(CH 3co2 ) 2 .4H 2 0 0.05 
13 
Vitamin Mixture** (Mg/Kg Diet) 
Choline Chloride 2,000 
Inositol 300 
Alpha-Tocopherol(SOO IU/G) 200 
Niacin 80 
CA Pantothenate 25 
Biotin 0.2 
Folic Acid 0.4 
Cobalamine 0.03 
Dextrose 
Thi •amin 
Riboflavin 
Menadione 
Pyridoxine HCl 
Vitamin A(500000 
Vitamin D(500000 
7322 
5.0 
5.0 
5.0 
5.0 
IU/G) 2.0 
IU/G) 0.2 
The young rats (approx seventeen daysi were fed ad libitum 
for fourteen days; forty animals were -used in with ten placed 
on each diet. The rats were killed by decapitation, at the 
end of the experimental period. The mandible, bone (femur), 
and oral mucosa were immediately removed, washed with 0.9% 
physiologic saline solution and were frozeri. All procedures 
were carried out at Oto 4 degrees Celsius, unless stated 
otherwise. 
Approximately 0.2 grams of each tissue was weighed (wet), 
minced with scissors (oral mucosa) or crushed in a porcelain 
cup (mandible, bone) and then homogen~zed in 2 ml. of 10% cold 
Tri-chlor-ace~ic acid using a Tri-R homogenizer (Tri-R instru-
ments). The above homogenate was centrifuged at 15.000X g for 
ten minutes (International Model Hr-1) _. This procedure was 
done twice in order to remove acid-soluble compounds. The 
supernatants were discarded. The residue was removed and 
dissolved in 5 ml. of 95% ethanol; the · above homogenate was 
centrifuged at 15.000X g for ten minutes to remove lipids. 
The supernatants were discarded; the residue was removed 
14 
again and dissolved in 5 ml. of ethanol/ether/chloroform 
(2/2/1 v/v) solution. After a ten minute waiting period 
this solution was centrifuged again at 15,000X g for ten 
minutes. This step was repeated twice; the supernatants 
were discarded; the residue was extracted and dissolved 
in 5 ml. of ether. This solution was centrifuged at 15!000X 
g for ten minutes. The supernatants were discarded; the 
residue was let dry at room temperature. 
The above residue was dissolved in Sml.of 5% Tri-chloro-
acetic acid and was heated in water bath (approx. 90 degrees) 
for fifteen minutes. Consenquently, the whole solution was 
cooled and centrifuged at 15,000X g for ten minutes; the 
supernatants, containing the nucleic acids, were poured in-
to separate tubes; the residue was dried at room temperature. 
Estimation of DNA was done by adding to one ml. of the above 
supernatants two ml. of diphenylamine reagent and heating for 
ten minutes in a boiling water bath; after cooling the ~ater 
was read at 600 rrp- A standard curve was prepared relating 
optical densi~y to micrograms of DNA-P using purified DNA as 
the standard~ 
Estimation of protein and bound sugars was done as follows: 
The final residue was dissolved in 5 ml. of 95% ethanol and 
centrifuged at 15~000X g for ten minutes; the supernatants 
were discarded; the redidue was dissolved in 5 ml. ethanol/ 
ether/chloroform (2/2/1 v/v) solution and centrifuged at 
15~000X g for ten minutes. This step was repeated twice. 
15 
The supernatants were discarded; the residue was extracted 
and dissolved in 5 ml. of ether. This solution was centri-
fuged at 15,onox 9 for ten minutes. The supernatants were 
discarded and the residue was allowed to dry at room temp-
erature. The residue was then dissolved in 10 ml. of 0.1 
16 
N NaOH (measured volume), and then heated in a warm (60 degrees) 
water bath. This solution was transferred to dialysis bags 
(Fischer NO. 8-667B). Dialyses were carried out for twenty-
four hours, against deionized water at Oto 4 degrees. Each 
dialysate was saved for the analysks of total protein (128), 
Hexoses (129), and Fucose (130). 
RESULTS AND DISCUSSION 
DNA and protein concentrations: 
Bone: 
There were no statistically significant differences a~ong 
the four dietary groups. An examination of Table I indicates 
only a suggestive difference in total protein between two of 
the ·groups; Group C (high sucrose and ascorbic acid) showed a 
higher total protein concentration over Group D (no ascorbic 
acid). 
Oral Mucosa: 
Similarly, no significant differences were found among the 
four groups. Again, there was only a suggestive difference in 
total protein between groups C and D; total protein concentra-
tion was slightly higher in Group D (Table III). 
Mandible: 
Total DNA concentrations were not significantly different 
(Table I). However, the total protein concentration for Group 
C was significantly higher (p(0.05) when compared to Group A. 
Both of these groups had received the ascorbic acid supplement-
ation; Group A had been fed the low sucrose diet, while Group 
Chad been fed the high sucrose diet. Furthermore, a suggestive 
difference was seen in total protein concentrations (Group C 
vs. Group D); Group Chad the higher total protein levels. 
Hexoses and Fucose Concentrations: 
Bone: 
No Significant differences were seen for hexoses levels in 
17 · 
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any of the groups, but suggestive differences were observed 
in total fucose (Table II). Group A (low sucrose with absorb-
ic acid) had a higher concentratio n (p<0.1) than Group C (high 
sucrose with ascorbic acid). A difference was also noted between 
Groups C and D. Group D showed a slightly higher level (p<0.l) 
in total fucose concentration. 
Oral Mucosa: 
--
The ascorbic acid supplemented Group (C) showed a significant 
(p ( 0. 02) increase in total h_exoses levels over the Group D; 
the reverse was seen in total f ucose levels (p ( 0 .1). Both of 
these groups had been fed high sucrose diets (Table IV). 
Mandible: 
Total hexoses concentrations were significantly higher 
(p < 0. 0 2) in the ascorbic acid supplemental Group (A) , with no 
differences in fucose concentrations; however, when Groups 
C and D (high sucrose) were compared, the reverse was seen. 
(p<0.l) (Table VI). 
The above results are discussed below in light of current 
dietary patte~ns in both industrially developed and develop-
ing nations of the world. 
Tables I - VI are presented in the following pages. (19-24) 
TABLE I 
Dietary 
Group 
A 
B 
C 
D 
Level of 
Protein 
24% 
24% 
12% 
12% 
(n) = number of animals 
DNA and protein Concentrations in Bone 
Level of 
Sucrose 
6% 
6% 
48% 
48% 
Ascorbic Acid 
Supplementation 
+ 
-
+ 
-
DNA 
mgm/gm x 10 3 
537 4 152(10) 
523 :!: 178 (10) 
623 :!: 221(10) 
524 :!: 137(10) 
Protein 
wet weight 
2478 ± 1682(9) 
2055 :!: 781(11) 
2663 :!: 973 (8) 
1839 :!: 1310(9) 
+ These data are means - S.D. from groups fed the diets for fourteen days. 
* Indicates a suggestive difference between groups C and D, P<0.l 
f---J 
\..0 
TABLE II 
Group 
A 
B 
C 
D 
(n) = 
* 
Hexoses and Fucose Concentration in Bone 
Level of 
Protein 
24% 
24% 
l2% 
l2% 
number of animals 
Level of 
Sucrose 
6% 
6% 
48% 
48% 
Ascorbic Acid 
-Supplementation 
+ 
+ 
Hexoses 3 
mgm/grn x 10 
1041 ± 355(10) 
1187 ± 536 (11) 
1044 ± 302 (8) 
1013 ± 408(9) 
Fucose 
wet weight 
2244 ± 1673(9) 
2150 ± 1474(9) 
1394 ± 990 * ( 11) 
2375 ± 1568* (8) 
Indicates a suggestive difference between groups A and C, - _p(0.15, and between 
groups C and D p(0.10 
These data are means± S.D. from groups fed the diets for fourteen days. 
N 
0 
TABLE III 
DNA and protein Concentrations in Oral Mucosa 
Group 
A 
B 
C 
D 
Level of 
Protein 
24% 
24% 
12% 
12% 
(n) = number of animals 
Level of 
Sucrose 
6% 
6% 
48% 
48% 
Ascorbic Acid 
Supplementation 
+ 
+ 
DNA 3 
mgm/gm x 10 
218 ± 48(12) 
200 ± 52 (11) 
197 ± 45(10) 
198 ± 53(11) 
* Indicates a suggestive difference between groups C and D, p(0.l 
Protein 
wet weight 
3483 ± 2531(10) 
2702 ± 1428 (11) 
3513 ± 1294 (8) 
4247 ± 2832*(9) 
+ ŸĚ
These data are means - S.D., from groups fed the diets for fourteen days. 
N 
ŸĚ
TABLE IV 
Hexoses and Fucose Concentrations in Oral Mucosa 
Level of Level of Ascorbic Acid Hexoses 3 Fucose Group Plt!otein Sucrose Supplementation mgm/gm x 10 wet weight 
A 24% 6% + 641 ± 242(10) 1727 ± 718 (11) 
B 24% 6% - 861 ± 368 (11) 2214 ± 1425 (11) 
C 12% 48% + 720 ± 331(10) 1670 ± 1431(10) 
D 12% 48% - 470 ± 155**(9) 2335 ± 1260*(10) 
(n) = number of animals 
+ These data are means - S.D., from groups fed the diets for fourteen days. 
* Indicates a suggestive difference between groups C and .D, p<0.l 
** Indicates a significant difference between groups C and D~ p(0.025 
t\.) , 
N 
TABLE V 
DNA and protein Concentrations in Mandible 
Dietary 
Group 
A 
B 
C 
D 
Level of 
Protein 
24% 
24% 
12% 
12% 
(n) = number of animals 
Level of 
Sucrose 
6% 
6% 
48% 
48% 
Ascorbic Acid 
Supplementation 
+ 
-
+ 
-
DNA 
mgm/gm x 10 3 
292 ± 102(10) 
305 ± 131(10) 
378 :!: 186(11) 
335 :!: 155(9) 
Protein 
wet weight 
1967 ± 857(9) 
2103 ± 1158(10) 
3008 :!: 270**(9) 
2206 :!: 1785*(9) 
+ These data are means - S.D. form groups fed the diets for fourteen days. 
* Indicates a suggestive difference between groups C and D, p(0.l 
** Indicates a significant difference between groups A and C, p(0.05 
N 
w 
TABLE VI 
Hexoses and Fucose Concentrations in Mandible 
Dietary 
Group 
A 
B 
C 
D 
Level of 
Protein 
24% 
24% 
l2% 
l2% 
(n) = number of animals 
Level of 
Sucrose 
6% 
6% 
48% 
48% 
Ascorbic Acid 
Supplementation 
+ 
-
+ 
-
Hexoses 3 
mgm/gm x 10 
1023 ± 355(10} 
706 ± 218** (10} 
815 ± 380 (11} 
875 ± 184(10) 
Fucose 
wet weight 
2125 ± 1046(10) 
2673 ± 1673 (11} 
1982 ± 1420 (11} 
2600 ± 1245*(9) 
+ These date are means - S.D., from groups fed the diets for fourteen days 
* Indicates a suggestive difference between group C and D, p(0.l 
** Indicates a significant difference between.groups A and B, p (0.025 
l'v 
..i:::,. 
DISCUSSION 
During the past few decades, the consumption of sugar has 
increased dramatically in most societies. Indications sho\v 
that throughout the entire world increases in sugar consumption 
are taking place. Despite current controversies concerning the 
recommended daily allowance of ascorbic acid, the majority of 
the population in this country apparently receives an adequate 
amount of ascorbic acid. The intent of this study was to exa-
mine the effect of a high sucrose diet, supplemented with as-
corbic acid, during the growth and development of bony oral 
tissues of the young rat. We beleive that such a diet is a 
useful reflection of the diets of many children in this as well 
as in underdeveloped countries. The tendency toward high con-
sumption of sucrose tends to make up a diet marginal in total 
protein. 
25 
In our present study, we did not find any significant changes 
in DNA concentrations in the tissues we examined. DNA levels 
remained unchanged, showing that the levels of protein or the 
addition of ascorbic acid had little or no effect under the 
dietary conditions we studied. Haider M. and Tarner H. 82 
t 
comparing normal (27% casein), high (64% casein) and low(8% 
casein), to protein - free diets, for five to seven weeks, 
found total DNA levels to be higher in the livers of rats fed 
the protein-free diets, whereas RNA concentrations were re-
duced considerable. Dickerson et. al. 143 studying the effect 
of a low protein (5% casein) diet, supplemented with methionine, 
with sucrose as the carbohydrate source, noted that such a diet 
"did not permanently effect either the weight or DNA content 
of the liver." Nakamoto and Miller 119 measured among other 
parameters, DNA concentrations in mandible and long bone of 
rat pups suckled on dams fed 25% or 6% protein diets. They 
found in the 6% protein group that the total content of DNA 
was reduced in both tissues; the mandible was less affected 
26 
than long bone, "al though it appeared to p·e affected earlier." 
They interpreted their results to mean that "the critical per-
iods of growth for mandible and long bone are different." 
Majunder et. al. 15 studied growth and ascorbic acid metabolism 
in rats and guinea pigs fed whole grain cereals. They con-
cluded that "in guinea pigs fed the cereal diet, the utiliza-
tion of ascorbic acid was increased. Ascorbic acid supplement-
ation at various levels indicated that the requirement for 
ascorbic acid increased five times in guinea pigs fed whole grain 
cereals. The increased intake of this vitamin was not needed 
when the whole grain cereals were enriched with 15% casein." 
Mohan R. 2 found that utilization of ascorbic acid is also 
increased in '·.guinea pigs fed a nutritionally inadequate diet. 
Ear]er work by others has shown aR increase in total pro-
tein and collagen in animals whose diets were supplemented with 
ascorbic acid. Adequate levels of ascorbic acid are needed in 
order for collagen synthesis to take place; this phenomenon 
has been well established 516 • For example, it is known that 
administration of ascorbic acid to previously deficient guinea 
4 pigs enhances collagen synthesis Bowler,et. al. and Nandi, 
et. al., studied the effect of large doses of ascorbic acid 
· . . d d. 13 1 d d h "1 in guinea pigs an . rats. Nani , cone u e tat, arge . 
doses of ascorbic acid had neither beneficial nor toxic effect 
on growth and maintenance of rats and guinea pigs fed a nutri-
tionally balanced fortified wheat diet. However, a daily in-
take of ,:50 mg. or more ascorbic acid was toxic to guinea pigs. 
Supplementation of the unfortified wheat qiet by casein counter-
acted the toxicity of large doses of ascorbic acid." Bowler, 
146 
et. al. attempted to determine in an ascorbic acid supple-
mentation above and beyond the recommended daily allowance, in-
crease the amount of early formation of collagen in experiment-
al wounds, _created in guinea pigs. They suggested that "mega-
dose supplements of ascorbic acid appear to have transient 
effect on wound healing collagenation. Megadose ascorbic acid 
therapy may be ~f value in the acute phase of healing; its 
value is less apparent in long term healing." 
Although the effect of the protein content of the diet 
on protein levels - and on protein turnover in the liver of the 
rat have been investigated by many researchers, the results 
remain conflicting. Haider and Tarner, measured protein and 
free lysine concentrations in the livers of rats, utilizing 
82 diets mentioned above in this discussion They found that 
"the rate of protein synthesis in the liver remained relatively 
unchanged in low and high protein diet groups, and was either 
unchanged or slightly increased in the animals on the protein-
free diet: Free lysine in the liver was found to be unaffected 
27 
by dietary treatment." 144 Schreier and Kazassis , reported 
an increase in the rates of protein synthesis in livers of pro-
tein deficient rats. . l 79 Weimer, et. a. fractionated serum 
and observed that the resulting rat serum glycoproteins are 
not significantly altered by the level of protein in the diet. 
77 
Davis M. and Richmond J. , studied the effects of dietary 
levels of protein on the metabolism of serum proteins and 
glycoproteins; they fed adult rats depleted of protein with 
diets containing Oto 40% protein; they collected serum pro-
28 
tein samples, follo~ing depletion and repletion; they also 
measured total serum proteins, serum hexosamines and serum sialic 
acid. They summarized as follows: "When protein-depleted rats 
were fed 0-30% protein, their total serum protein rose from 
5.05 to 6.55 g/100 ml., and sialic acid increased from 67 to 
88 mg./100 ml. These levels were slightly lower in the group 
given the 40% protein diet. It was also more effective in re-
pletion of protein than 10,30 and 40% protein." 
Earlier, Taoka and Fillios had studied the effects of pro-
tein depletion in the subcellular fractions of the rat liver, 
,· 
demonstrating that the hexose to protein ratio was significantly 
increased in the carbohydrate rich (acid soluble) fraction of 
the post ribosomal supernatant. These researchers also showed 
that the hexosamine to sialic acid ratio in the acid insoluble 
fraction was significantly decreased, while the total protein-
bound sialic acid was increased. 89 
Lynn P. et. al. 103 examined the relative effects of a low-
protein, high-carbohydrate diet on the free amino acid composition 
of liver and muscle. Free amino aci _d ""c :0ncentrations in the 
plasma were compared with those in 1iv,~r and quadriceps muscle. 
They concluded that "with the exceptions of lysine, threonine, 
- ~--:-.,.r..::v. 
cystine and tyrosine, the concentratiriris of all other essential 
amino acids were reduced more in liv ~t :;,•,·than in muscle, with 
the low protein diet; in the plasma, the total amino acid 
...i..:Jf:--• ŸĚ
concentration was significantly lower ~ i n animals given the 
low-protein diet." Nakamoto and Miller, in a study mentioned 
.·--:?:-~,_ •. 
-- 'f.1'"":itt· ' 
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above 119 found decreased amounts of · i otal protein in mandibles 
and long bones of rats fed a low pro~ ~ ,~n diet (6% casein). 
Again, mandible was less affected tha ~ bone. In our experiment, 
the total protein content in mandible ~ .... a nd bone was increased 
under the high sucrose-ascorbic acid -·s ·upplemented diet, sug-
gesting that ascorbic acid may play an important role in pre-
venting protein tissue losses during periods of mild dietary 
protein restrictions. 
Although carbohydrates, as indicated elsewhere, comprise 
the major part of man's diet, there is not much known of the 
effects of hi~h sucrose diets on oral ; structures. This concern 
has immediate relevance to our society, since, as mentioned, 
the intake of sucrose now represents a very significant part 
• ~. .; .. '-Ir -
of our total carbohydrate diet. 40 In the human body, among 
the more important carbohydrates are :the mucopolysacchar ·ides 
which are components of connective tis .sue ground substance and 
also of epithelial mucins. Since sucrose makes up such a large 
part of the human diet, it is important to understand the 
significance of the contribution of this substance to health 
and disease. Patwardharn et. al., found increased levels of 
protein-bound hexose, in serum glycoprotein fractions, in 
children with protein-calorie malnutrition. "The increase in 
protein-bound hexose coincided with a decrease in total protein 
in these children, suggesting that the ratio of carbohydrate 
30 
to protein, in the glycoproteins, was also disturbed," accord-
ing to these workers. Maghrabi and Waslien 81 found elevated 
total-protein-bound hexose, protein-bound sialic acid and protein 
bound fucose in 35 children, with protein-calorie malnutrition. 
When treated, these children showed only that their protein-
90 bound fucose levels returned to normal. Wood and Fillios, 
observed a significant increase in total bound hexoses, in acid-
soluble glycoprotein fractions, in livers of rats fed a low pro-
tein diet (5% casein), for seven days. In the present thesis, 
we found that a marginal protein diet (12% prot~in-48% sucrose), 
supplemented with ascorbic acid, resulted in a significant in-
crease in total bound hexoses in oral mucosa. Wood and Fillios 
reported no d_,ifferences in their "acid soluble" bound fucose 
levels. Our data deals with total glycoprotein fractions. 
Our high sucrose diet resultedin higher total fucose concentra-
tions in all of the tissues examined, in the absence of diet-
ary ascorbic acid. 
Bacchus and Heiffer 51 , studied the nature of the disturb-
ance of carbohydrate metabolism in ascorbic acid deficiency, 
in guinea pigs. "Insulin tolerance tests on ascorbic acid-
deficient and in control guinea pigs, indicated that a pro-
gressive resistance to the hypoglycemic action of insulin · 
accompanies ascorbic acid deficiency." They confirmed the 
above finding with glucose-insulin tolerance tests. Their 
data also indicated that glycogenesis was found to be dis-
turbed during ascorbic acid deficiency. Sylvest 52 inject-
ed intravenously 0.5 or 1 gr. of ascorbi~ acid in healthy or 
diabetic individuals during fasting, or after a glucose load, 
to determine whether the ascorbic acid had any effect on the 
blood sugar and found that the blood sugar level was lowered 
f h · · f · d" ·d 1 h 1 145 · or t e maJortiy o in ivi ua s. Me nert et. a. in a 
study with twelve non-diabetic healthy subjects given 1.5 mgm. 
of ascorbic acid, per .05 daily for six weeks, concluded that 
"a diet rich in ascorbic acid by diabetics, is desirable and 
certainly not dangerous; there is no risk that ascorbic acid 
administration ~ight precipitate the onset of diabetes in pre-
diabetic or normal subjects." Although a significant number 
31 
of research studies have been ascribed to, or associated with, 
ascorbic acid, relatively little is known about all the purport-
ed chemical roles of ascorbic acid in metabolic processes. Our 
work favors the idea of ascorbic acid supplementation, or the 
increased consumption of _ascorbic acid containing foods, dur-
ing the critical _~eriod of growth and development. In this 
study an increase was shown, under a high sucrose diet supple-
mented with ascorbic acid, in the total protein concentrations 
in the mandible and bone. These proteins (collagen and pro-
32 
collagen among other types) are essentially glycoproteins. Our 
work demonstrated only quantitative changes and does not reveal 
the qualitative changes taking place among the glycoproteins 
of these tissues. For example, we do not know the specific 
branching that takes place under the dietary conditions we 
imposed. The total fucose concentrations (in .absence of as-
corbic acid) may have been affected by in~reases in the amount 
of total protein. Such questions can only be answered by 
utilizing more 0 . r~fined ma t hdds, including electrophoresis, 
to determine the qualitative changes among specific proteins, 
taking place after ascorbic acid treatment. Apparently, 
ascorbic acid treatment favors more branching, i.e. the co-
valent binding of hexoses to protein - an apparent beneficial 
consequence; fucose (a , terminal sugar on some glycoproteins) 
addition was not enhanced by ~~corbic acid. 
The action of ascorbic acid appears to be to protect sus-
ceptible oral tissues; for example, the classical signs follow-
ing a deficiency of ascorbic acid have been clinically associated 
with disturbances in these tissues. Adequate levels of protein 
in the diets of young, growing persons can be expected to 
protect all tissues. Such concerns are not for only under- ~'. 
developed countries, where protein may not readily be available, 
but also in the more industrialized societies where poor eating 
habits have in many instances led to nutritional imbalances, 
resulting from high intakes of total calories in the form of 
sucrose rich foods. 
/ 
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APPENDIX 
APPENDIX 
Treatment of Dialysis Bags Before Dialysis was Performed 
Dialysis bags (Fiscer No. 8-667A and No. 8-667B) were 
cut in appropiate sizes, washed thoroughly with deionized water 
(both interiorly and exteriorly), placed in 1000 ml. of deion-
ized water which had been warmed to 80 degrees C. for thirty 
minutes. At the end of thirty minutes, 2 -,G grams of Na 2co 3 
was places into the beaker with stirring for thirty addition-
al minutes. At this time the bags were rewashed as above and 
saved in deionized until needed. 
Analysis of Total Protein 
The method of Lowry et. al. (128) was used for the deter-
mination of total protein, with the following changes being 
made: 
0.2 ml. of unknown and standard samples were used in 
these determinations; 
2.0 ml. of .Reagent C was added to each sample; 
0.2 ml. of 1 N Phenol Reagent (Reagent E) was added to 
each sample. 
A Beckman Grating Spectrophotometer model DB-G was used for 
this and all other methods requiring photometric analysis. 
Analysis of Total Hexoses 
The Anthrone method was used for the determination of 
total hexoses without any modifications (129). 
Analysis of Fucose 
The method of Dische and Shettles was used for the deter-
mination of fucose without any modifications 
DNA Analysis 
( 12 9) • 
The method of Walter C. Schneider was used for the 
determination of DNA without any modifications (131). 
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